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Abstract of JP2003292400 
PROBLEM TO BE SOLVED: To clarify the 
relation among crystal growth conditions, 
crystal form, and whether crystal growth 
occurs or not and thereby enable the crystal 
growth of a group III nitride under practical 
crystal growth conditions. 
SOLUTION: In region A (in the figure), a GaN 
crystal does not grow. In region B, a GaN 
crystal grows dominantly only on a seed 
crystal. In region C, a columnar GaN crystal 
grows dominantly. In region D, a platy GaN 
crystal grows dominantly. Here, 'dominantly' 
means that most of the crystal grows in this 
form. 
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2=5. 47, a3=-5. 67E-3, b3 = 5. 8 
3 <D&&ktZ>k%* a , /T + b 2 ^ 1 o g P^a 
a /T+b 3 T-S$tb5gp E ^ft*ftffiiiT\ ttftOl 
ittfDtJ* (GaN) JNI&JdtfiiSF-frSClfc&i&aiL 

[00 3 5] Sfc, 4te*«5gBJli. If#rfl 

HEftroillS^kttfeftjSfi^fttfc^-C, P£giH 30 
#*E* (Pa) . T*ft&iHK©fe*mX (K) , a 

3, b3£, a 3=- 5. 67E-3, b3 = 5. 83 
OftSttitt, ai/T + bj Slog PT'£$ 
*VSttfi***ttfi*-e, ttttOSflltfy *A (Ga 
N) giBS:**$-fr5Ci*W«i:LT^5. 

[0 0 3 6] tt*«l 5K*©«9ittU SiSAjft 

«tt*SfiWSftt$fifc**ftfi«©rt© l o©^ 

<D&mmmm vmmwsm ztLx^zzt*® 40 

Wk 

[00 3 7] Sfc. tt#*il 6E*©3S0iH\ 1118=1 
fllffl LT 1 1 1 g£fcft tt£ ^eJcfir $ « § fc * ©E* f&J Iff) 

So 

[00 3 8] ifc, sS*iIl 7|BtO*Wtt, 1 



^2003-292400 
10 

m^mx-wmzhtcu \&mm&&x'hz> z. t % 

[00 3 9] £ fc, mtm 1 8 je*©«8Uli. M*Jg 1 
7 Eft© 1 1 Ift3ttMfe&&fr£ I ^gffcr / W * T'fe 

[0040] ISjRjS 1 9 BttflBWtt, §S*rS 1 

[0041] **:, 2 o E*©*wii, mtm i 

[004 2] 

m-i^xmmirZo 

[0 04 3] % 1 ©SttiiKflB 

*%w<d% i (ommmit, Rj&ssrt-c. 7^#y& 

&k'Pte< k islllW&m$:$trto9.kffim&timi:J& 

fi$*5IHMt:^H B B ^fi*fcT'*)o-C. E*ir?fi 
*tT^*n*«Wt#it:i-<5l*ii***tt"C, in 

[0044] :;f, IIlK&JRili, Ga, Al, I 
n T/V*y^Jl(C|±, K, Na^ft 

ffl ifc, ^*S:^trt*Ri:tt, 

7?{ti-h!) <?J*, 7V*=-7t£k'<Dmi%m$LK 

*#trjjte+SJl«i:f4, |g B B B J5jtfi^fiC5Mrt, ^ 
[004 6] *«MIC*J^-C, IIlK£fcft0££j$S 

L, IlMft^^^l^ B B B ^ft$-fr5Ct^T*# 

[0 0 4 7] z©J;?ic, *^W©^i©ltW^l©ii 
i^lfl:felSB B B ^fi^ffiT'i±, y 

*****«lll*a{t**S****«fe-C*oT» BE* 
irifiSt T«$ti5®^^t5^ B B B ^fi^^t% 
1 1 I^l£^©|g B B B II I&Sfbft&ll 

(A#ttfc|4, ^JxtfIII^l^©^)II£ H B B )5)cftffl© 
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S„ +ftfcfc. »ifc5^tt»2©tt*ttff-CJfc'<fcJ: 

[0 0 4 8] Sfc, l ooorWTififcftifl«dM&<, 
ottArtfttfTO t 4S c t i» % 3 ©tfcfcftffi© «t 

&G^ft£ffl^c^ft7W*£#Srt;^iii:4 10 

So 

[004 9] 3e>fc, E*iffifl:fC«££*i$1H#lc 
-£S©T\ &n B n^©IM$ft£^(C|6]J;£-frS 1 

So 

[0 0 5 0] ftfttui. l±Jjb&&tX'%l-£&HZ>m 

Sitso-e. S£ffi$£/fi^fc&1C4llM<fc«S 
ftSrrtfttsa^oftfrMWttSrfti*** 1 b tfX-% 20 

[00 5 1 ] ^2oa« 

#*W©j62©2litiJB1Bf±, Si ©«£1©HI®;1 

i:ffl*4:-C*e*n«***:1lftaK»t5i:#, US© 
•I*o**iWlc*C-CSv^JI45»*»«©III* 

[oo52] z<d£?\c^ m2<D r mMm^\x 
%mbix. i±j]bimb?®fe£hzmmmm 30 

ft 9 . jlra®&£$tt*£££ft & c t 5. 

[0053] %3mmm 

*36W©3B 3 ©UttJBtBH, JH 2 0$tt«tt0ll IKS 
ft*e*)Sft*fet*i.'»-C, «»©«*© H«lo© 
ffl«f±. lll*»ktt»«*rii*»lBi:LT, fl&fiK 

[0054] c©J;9lc, SS3©ltlS«l8-ett, *t$c© 40 
m<D 5 ^© l o©fgi-Jc(i, illfta-fkfcrofcifcjfcSJfc 
ffiiLT, S&l>iaS&l&&tSt>©T'fcS©T\ fill© 

9. J»4SfW>ifi*fc»±, *l©lll8iSft:fljiiMS 

fi*ffiKt«^t^«t45. m&<Dhzm 
mm£m<DmMf&%£ithzbfrX'$z. i 

5„ 50 
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[0055] aiaaBBtt 

*mw<DW, 4 mmmix ±.% tts 2 ©3ms© 
m&$ktimi>\ mi) •c*$n5i*#ic«t9ja 

So 

[0 0 5 6] 

[85:1 ] log P=a/T+b 
[0 0 5 7] P BKJ£$8l*!0)?!aft&8*E 

# (Pa) , T»fi^SffiOft#SJf (K) , a, bli 

[0 0 5 8] c©J;?K, 94oHtt»lBa. P£K£ 
S^^E^l (Pa) , TS:jB^B«Oift»JUt (K) , 

log P=a/T+bT'^$nS^#lCii9 

u mt£um&itm&&tii%tz>zbtf-5tmbti: 

So <fc9J¥L<tt, ±B***r5nfcUC. E^tiSgS- 

[0059] %5<»mmmm 
ttmoXsomMtett* ®4©3Mfi©iiiRg 

ft»fefi*fi*jfet*^-C, log P = a/T+bt* 

*S*i5«#H:, 7/u*!JAIt0II J: 

[0 0 6 0] i55©3?»#|-efi, 14© 

H*)gtB©iiiffi^l:«sfeSiritfi*-ifelc*J^T, l o g 

P = a/T+ bT'-^^nSit#f±, 7*#!/&R (W 
*tf, Na) ©1II&&JS (WAtf, Ga) t©JtlC«fc 

[0061] ®Q<D%mm 
S:ffl^T»i&<s*BrtB4feftii!cfi*«=««-e, mag 

fb#5©ISB%Sr«IS B H a ^ffl^TlS^fi$*S Z i £#« 
t LT^So 

[0062] c©J;9{-, JS6omt»*-ctt, SI£ H a H 

^©^ R B a5rffl^ H a a ^ffl^T^fi)t«$-frS C i T\ * 

t4t>*>, ±K©fe B B B fi5t5^frtSJ^T-f±, tt»AS:7c(c 

i»fiflRfi^J6^*£L4^Ci*»P)» **4*ff«)«» 
t»jt. ^©HiaifMISel^^MtSCi^Pi 

*****5ci:*Tt5 0 Ht. ffl|g fl B B ©^ H B a ^i^ 
C t -e, ^fitS^ B B B ©^ B B B ^i tfH»t5 - 
t^tgt 49, £Ei LTffl^SI^(cfEltfclSB B B *' 

mmtzzbt)m%bt£% 0 
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[0063] ®7(Dmmm 

*38!H©1 7 ©2H^Ui, 1 1 ftMl5©^-f*l7W£> 

SfcttolSA&ttttilSA&Jii^TiSAtfftSii:* ;a 

[00 6 4] coi^ic, %7 <nmwimx-\*, &m 

&Kfc^lSA&j£ft£tf*C£ji«ifi£i:4S 0 tfcfc 10 
*>. ±E<o«SAj*fi&fHB#m tt#*$A#£Ettlc 

[00 6 5] iMilii 
**9]0!& 8 f! 1 75M»5 0V*i"il*»© 

mmm<D 1 1 i*aft«ws**ft*ftic*i^x , 

2{t^0feA&«#*liA*ffl^-ceAfi£*£-fr* d 1 4- 20 
L"0>*„ 

[00 6 6] COJ;?^ *8©^tJK«m fittlfi 

a m^x&&m^mm&mmmx\ mm 
mcm<M&&*m&9i m ^-c&aj&s * ** ©-c\ 

*SAJSftt*C&a»e>, IIl£3fcft£££ l/Cffl^A 
v\ C©«^B B B*^©$tni^^S«<tUTffl 

^5cifc^rfig-e*s. *>*^r±, SffioDflia^fes^ 

5o It, C©&AJ#S&fttg#T'©*SA/£Am 

[0067] mwmm 

nwma 1 1 i«aft«wsft*ft*ftic*iv ^x, 1 1 m 

{tttfeftitfiKfrarftdflft 5 HfcAfiSftt 40 
L-OV5. 

[0068] %^mmm\x ummitm&m 

*, tt^A#J**t*J«*ftff«lfc fiKftA^fi 

+«*ft*ttfl*ort, aso^ttiitttiijffl u-c, ii 

Z%&tfLfW*imkt£&. %iX, |B]-©J£Aj*fifc*i 50 
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^■c Jift « »*o 1 1 i a & ® * c t # t* # 

-So 

[0 0 6 9] ll 0ffl|g| 

WJ©li owHiSMi, fggoHtt^ffioiiiK 
$fctt»AjfcR;fr8H£*i^-t\ 1 1 i$£fcft£Ari'j$& 
■fr-f *&#»$ i &tt&A$ fci±Ktt*SA#fiJc 

***** zt mm t l-c^s. 

[00 701 H0 ©Uttj^ftii, 1 1 MtmxdMfc&ifi 
fifcJW"f * £ ftttlS A S fc ttSttJS A 

AS:***** w t -C, IllSfcfldMSAfctf 
i^Sw^Srtf Cfticj;^ &©<fc5 
ftafttrftawi^-et*. tfcfcfc. ttifcBA^fitt 

* 0 £m&&m±bmm&ftzm£ j £z>zt 
<4*. tot, m i ociiiiiawj, 

A&i&ft£tt*c<k #-?:•#*„ 
[0 0 7 n mi \ <DMmm 

©^tt»i»©iiiftaft«jtSAiSft*ffifc*i^-c, 7/p 

#!!£JS£L-ti-h!/ (Na) &ffl(,\ '>#<tfe 
IIIi&e&RfrStMMtfcLTtfy** (Ga) 

'>^< fcta*«r§tr*«t ixmm* (n. ) ^« 

^T, IlM^iLTllb^y^A (GaN) 
A***** i tic. ift^^A (GaN) <Z>ttAJ$ 

momtx-mfetz z t wmt lt^* 0 

[0 0 7 2] C©«fc5fc. 11 l©Hig^ffi(i, T/W* 
y^JStUT^-h^A (Na) Srffll\ '>^<ifcll 
iS&lSr^trftlttLT^y^A (Ga) Srffll\ '> 
4<it>SE*Srttftt«i:U-ca*^'(N« ) fcffin 
■C, \UfeW.\mtLXmtU3<}^ (GaN) Sr^A 
jtfi^itSttiC. gfc^y^A (GaN) OttAAA 

^(4^t^^^E^i^y ^Ai-t h !) ^A©ii^iB« 
©ffiStT«t*©"C\ a NlSAtrMflittg 

<*ft*-fr*wti45^t^* 0 t&t)*), 

ffl^Swfc«»6E*o«»«S8*i:/jc*. Hie, Nat 
Ga Srffi^*^t^P), Na4:Ga^*&-|cS?«J^ 

m#*Et> t S£»i«©iaKfciMf9+* c t T\ gffS 
©feA»»t*!»U-C, @fS©igA««OG a N^A4r 
SAK*fi***ci:4J"nii:/j:* B 
[00 7 3] 1 1 2 

*^pj©ii 2©ntt»»tt» ii lommwom 
mmm&&imiim^ >-c, sck-c* * n* feA* 

ft*ftlWrC, «BA*ffl^-C«[k^y»>A (GaN) 
S:»Afi!cfi$-fr*Ct4»«i:U-C^*. 
[00 74] 
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a i /T + bi < I o g P^a=/T + bs 
[0 0 7 5] _CT\ PttS*#*J3Mj (Pa) , Til 
m&W&<D&mR& (K) , a 1, b 1, a 2, b 
2fl«ft-C, al=-5. 40E-3, bl=4. 8 
3, a 2 =-5. 59 E- 3, b2 = 5. 47T'fe 

[00 7 61 C©i5t, fgl20HftJBjgr4. P£l 

#^e* (Pa), izm&imomm. oo , 

a 1, bl, a2, b 2 £, al=-5. 40E-3, 
bl=4. 83, a 2 =-5. 59E-3, b2 = 5. 10 
4 70«ftit3i:*. a, /T+bi ^ 1 og Pg 
a= /T+b= T'^$nS^ H B H fi!cft^#gi^T*, 
tffi^-Clft^y Pi* (GaN) 6 J: 9 

K LTfc 9 . 8*S*«:jcKLT G a N& B B B &$ft £#3 

ISftrtfttf^Eft-C* 9 , tfl©1H«^©a3Bfe&t«Sfi 

1 1 m&fctom&zvm+z z. t mmt 

-tzztx\ ftjt-*-«iSA0ijrA#tt feMlH- 3 c t as 

[0077] mi mMm& 
«aft*»*j***ttt*j v >x , Ra-ca $ ns gstf 

ft*#««-e, tttt©afc#!J*A (GaN) 

[00 7 8] 30 
[|SC3] a, /T + b 2 ^ 1 o g P^a 3 /T+ba 
[0 0 7 9] :ct, PimMtfxEJj (Pa), TI2 
jB^BJSOlftSJB* (K) , a2, b2, a 3, b 
3ttfl$tt\ a 2=-5. 5 9E-3, b2 = 5. 4 
7, a 3=-5. 67E-3, b 3 = 5, 8 3T*fe 
3. 

[0080] w©i5^ 3©*«ajiBtt, p£1 

*#*EA (Pa) , T SriS^J»M[©ttStiaJS (K) , 
a 2, b2, a3, b 3 §\ a2=-5. 59E-3, 
b2 = 5. 47, a 3=-5. 67E-3, b3 = 5. 40 
8 30«»it5i§, a s /T + bi ^1 og P^ 

aa /T + b 3 ^StiSiSAA&ftttlltt-O, tt#<o 
itfk^y^A (GaN) ^ H B B^ft$-&5J:9(CLTfc 
(9, CftfcJ:!?, M4tt^|g H B B ^ft$-fr5zt^- 

«*45. tfcfcfc, iEofeiftlSftfttttitt-ett. tt 
t4oTl>6„ t£oT, ^Ott*t»*tjcKIII||E4ft 
l£43fiJ£J ; fc3 0 Sfc, C(D|g B B B j5£ft^f4:^T' 
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ftt 6 - 1 *» 6 , 1 2 mMMMX'Rl ^zm 

wkt LT, C©fH 3 (D^ilff^gWlS^ft^mtT' 
SMI UfcttttfefiSrftffltS C £ 3. 

[0081] % 1 4 qMMMM 

-mm<r>w,i A<»%mm\i. $1 i©m&i©iii 

ft*«=6S«-C. fittOSfbO** (GaN) & H B B£fijc 

[0 0 8 2] 

[fU] 33 /T+b 3 Slog P 

[0 0 8 3] ;;f, Pliat^ffi^ (Pa) . Tfi 

m&mm<D&Mi£.i£. (k) , 33, b 3«^-c*, a 3 

= -5. 67E-3, b3 = 5. 83T'&>3. 
[00 84] C©«k9{-, 11 4©HJdMli, P££ 
»#*EE;>J (Pa) , T&K£»ffi0if6*fia« (K) , 
a3, b3&, a 3 =- 5. 67E-3, b 3 = 5. 8 
3C«Sit5i:t, si/T + b. ^log PT?S 
SftSttAAft&fFS*-?, Ififcroafctf!) ?a (Ga 
N) Jg*Sr<SftS*5J:5lcfC*59, rtUcfct), & 

iiEflfefifiKft&ftSirett, ttlftftA4<$EttlcHA 
filcft 1 5 - 1 *» 6 , Hi ££fc»£K tLTffiV*^ 
C©fi«fe*S:-t©44lIIi)Eii{ti»SSt LTfflt^S 
it fc^IngT-feSo fc6W2, Sffi©Dflfi^fc64i^-e 
t, SaraFtii'S^-clllDA^iKKj: LT{£fflt 

Hie, w©«ffifigft*#fa«-e©eft/iiift-ci±. 

$SIMW B £j£ftt3Ci#T-#, ffi=>* Mco4* 

[0 0 8 5] 5<PHttflflft 

5oHft)g|6il, SfiiifiKftl-Sritft^fr 

f 1 1 \mmm'&& srricft $ *s t 

ViBftMmttttrlT UT^5 HlSilfkttgfijfiftSB 
T'fcS„ 

[ o o 8 6 ] % 1 5 nnmmmummtw^Bm 

rt© 1 o©j5gft^frtii|{SriMtRfrill^lfb^|g H B B^ 

x i/ > 5 © r\ 1 1 1 tzmtrnM* & ffigBBi&ft t s fijcft * 

ft, tttt& B B B$ft£ft, «^ H B B^ft^ft©ffa<De5cft 
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[oo8 7] mieoymmmm 
*%w<d%i 6 ©£»!«, ummm^ht^^ 

tt, tt«««^i«fti-5**ftfr«tt, «tt^ H B ^;iijtS 

tS/fcft&ftfStt©!*!, Hft©*#«tt*IHfflL-CIII 

mmmm § -tt a t * ©e AMMUftA vaue 
mmm&G Lx^ummitm^mmx-h 

5„ 10 

[0088] %i 6<Dnmm<Duimmtw&&!$.-g: 
tt, aftift^fii-s^ft^ftflstt, ttttftfctfjfcftt* 

«a©*#1BttS:fi|ffl t xm IttotoEEfimM 

•km**?, m%&mm, m&&f&&m<»<£ 
■M<D%mzmmt5>zttfX' ?<?><, lot, &m<dbm 

©lll**fl5*^*a©III||«fb1WS*«:***-a:«C 

£#^11*4*. 20 

[0089] ai Kpmmmm 
«Wi 7©3Mfitt, JR 1 l 4 ©i^-fft 

[0 0 9 0] roiiiaafl;«»iiSiiii, mmmmiA 

© \, ^tit><D%mm<» 1 1 issmms aj$s am -eft? 

[oo9i] mi 8<vmmmm 
*%w<nmi znmmwit. mi Tommmom 
mmm'&&itm^tz*mfcT^ *x*h& 0 30 

[0092] z<o£o\z^ mi 8»aiK, mi 7 

[0 0 9 3] 4*5, ¥%fcT'Uxi±. %r>< 

[0 0 9 4] Wc, J^Lfc#H«»»«:J:9l¥»cR 

m+a. 4*>\ arm ttw©fit±. ummm 

[00 9 51 01 f±**W©IIIffiafkttfefil«fiAj£ 

x%^bti%&M>f&w£w<v-m^i-mx'hz> <> 40 

[0 0 9 6] BlMMSI-S*. E£8Hi 0 irtic 
tt, 7^*!>A«(lSlTOW-Cfi, Na)£'>4<t&II 
HSfclOsAToWett, G a ) S:§tf*Ht ©S^IBiK 

1 0 3%mtz>m£Mmmmi 0 2/^s$ht 

[00 9 7] &fc\ 7*#y&JI(Na)tt, *»*»e>tt 
»$*i-Cfcft^U fcSVMi, tfl]JK>RJ&*S 1 0 1 

[0 0 9 8} ifc, ftd-H?KftKr$Sl 0 2©±lcttg 
log^&o, i^iKft^io2tiio9i© 50 
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HUfctt. a^ttjAT-t 5g£©fiW»4« (Bias*) 5. 
[0 0 9 9] Sfc 4 S£g3ll 0 1 ft, ^Ix.ff^ryU' 

tt, «itf. BN (Hfc*7^i) , fcS^tt, A IN, 

[0 10 0] S^Hl 0 1 ui^lfk© 
(G a N) £& B B B /£& WjMfc£££:f§ 1 0 1 
MW1-Sfc»©Jpf»SBl 0 6;4«Rtt&fi-U*$. t4 
fr*>, AB^gSl 0 6fc±5M*WMil£J:o-C, 5 
0 lrt^lSalfiJtftW^MfciifSci, x 
tf, UifB^fi^»iht5?£JSlcTlf^Ct, St/, 

So 

[0101] *fc. EI 1 ©llliK^kttiBfijSSSfil- 
ft, KfcM l 0 l rti;y>4< i fc^^^^tr#/K (#j 
X.tt\ £j$t#*. 7^*=7#*£fctt7*fc7 by ? 
J») S:»Wc©©&|Sf 1 0 4jWRlt&irO*a. 

fc^T, SSirtt, r©£ 9 4t>©T*£>5£1-5. 

[o i o 2] *fc, >>4< t bmztmmt, 

[0 10 3] '>4<*fca*fc£trtMt*UCa 

vEtizmmirztcMcmjjmmmm j±ap 

S#) 1 0 5^lt?>tLT^-5= tfc, Ell©gE(c 
■try^-i lit, ft^jHilRfttt$tt l o 2<Dimm 

tot&K&-t>*-i 1 2i^H$tL, ratals 1 0 

1 F^©EA^FJf^©i±Ai:45J;plc, EA-fe^t-1 
1 1 ttEAnSflltt 1 0 5 7 ^ - hv< y ^ Sr^^t 5 J: 
5fcflMteii-0*3. Sfc, rSSiryf— l i 2tt. in 

[0104] **w©^w-ci4, '>^< t t>a**s 

1 0 l^HK«$ix-C^5SSl 0 7**6«|&f 1 0 4 
*a LTKiS^lg 1 0 1 AOSPH 1 0 8 (Cgt|&-f 5 1 4 

o ic, R^g^ l 0 1 ©T«^b«if&$ti5 «t 9 K tT 
;©l^^/^©EAtt, EA»<t*l 05icj; 

[0105] EI 1 ©ISSSrffl^TlllSlSflitt (G a 
N) ©SfiSr^^-frS^ SJSSill 0 lrt©?a 
K, EASrBff^©?SS, pjf^©EAlc^SL, C©*tl" 

Sr-^af r B i«^ts c t -e, ft^Htt«M$«» i o 2 rt 

l-ttlllSiaftftgifti: LTG a Ni B | 1 1 OiSfiKfit 
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*) , G a N& h b b 1 1 0 C|g a H H flWiot< 3 0 
[0106102 ttttAj£&&ft®flJE £E£®Htf& 

1 0 1 i*i©a*E;&-C& <9 , ftttttft&lUftl 0 3©?£ 

[0107] 12 |Cj3lr*T. ffi«Att, G a NftAtfA 
ftLft^IsTCiSbSo tliSBfl, ffl^O^ICG 

a Nffeikfc3L&mc&i , B iimtz>m®X'ih?> 0 4fc, m 

8*rt**5«rc*><5. ft*, ^c-Ci/^SEWt 

[0108] *«c-e*EWfci«*+«tt«©aft^!i 

(GaN) gfittt, A^ICGa Ngi&fcfc^ 
T, Ctt< 0 0 0 1 >#|Bjfc*S6M#O t fcJ&IK0 , b©-C 

fc^c *fc, fi$DT-£E&(ci£ftt3«©ifc#y 

■7 A (GaN) ^fTst^, AMPGa NfeftKfc^ 

x, cmfc*. (oooi) E#fi{c&H B B #{*Wcjg 

$©f>©-t*fo<5„ 20 
[0109] ?MA(4, 7^ y 1 4 5E*a«fi< , ffl& 

14, y-fy i if-r^2-c#5*ttfciH«-ea!>5. tfc» 

ffit£CI4, 7^y2ir7^V3-C*Stnfc«ilgtffe5 0 
fS$Dli, 7^3 4>9 iE^ifK, iaSASfi 

[0 110] dCT*, XmWMbtt, v-f'slk? 
[oi i i] tftfr*>, 7^yii4, ft* (ft 5) £4 30 

[0 112] 

[ft5] log P=a , /T + b, 

[0 113] ::t'. PI4llfi#*j±7j (Pa), TI4 
S£»«t©*6»ilfl (K) , a 1, bll±«|t\ a 1 
= -5. 40E-3, bl=4. 83T'fe5„ 

[o 1 1 4] Sfc, 7^y2i±, ft* (fte) i;Jtot 

[0 115] 

[ft6] log P=a 2 /T + b 2 40 
[0 116] :;t\ PI42*^^E/J (Pa) , TI4 

s^KiKoie#iBd[ (k) , a 2, b 2immx\ a 2 

= -5. 59E-3, b2 = 5. 4 7X'h% 0 
[0 117] Sfc, 7W3f4, ft* (ft7) (c4oT 

[0 118] 

[ft7] 1 og P=a 3 /T + ba 

[0 119] ZZX\ PI4tg#*I±7J (Pa), TI4 
/££«©$#!££ (K) , a 3, b3l4$ftT\ a 3 
= -5. 67E-3, b 3 = 5. 8 3X'hZ> c 50 
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[0 l 20] iffij&Lfcfc2l4, m*#zB1]tfy'(y l 
1 7 -< ^ 2 t © n ©ffl$ b ic ft ttfttfft e> ft ^ c i & £ 
U S3f4S^^7E^^7^y2i7-f V3 

t © WofflljEC left fftU4 4 h ft v ^z 1 &2tb U S 
fc, ft 4 na*#*EE;/j;}«7>f v 3 4 9 ±©fS#D(cft 

ttfttfft&ftv^&ijfrL-tvs. 

[0121] jt-f. fa2©M$B©IS H B B$:ft£ft£ffl^ 
TGa N|g H a a ^M$*S^(CO^TtftSJ1-5o d© 

ft£ H B B Wft©iI$k:ii, &.§&©&£, &t«gS»SfiH 

[0 12 2] jy£#j(c, aioefi^£BS:fflk\ & 
&$L&&WtLX, II^)±^5:2MPa > 
5:8 5 0°C (1/T=8. 9E-4 K"' ) (CLTG 
a NSffafijcfi £tffcli£\ H 3 4 b fettAAft t 
ft3„ tftfc*>, m 1 ®S£1HK 1 0 3 f ttUSA £ft 
S G a N&£ 3 0 1 £13® L-CJ8* , ±E©«iS^* 
ft CSMU^E-ti ; 2 MP a , fitftfi& ; 8 5 0*C) 
(SMS* 3. *©8L «USA 3 0 1 ZtcK. GaNgft^ 

[0123] ;:t\ tt|g B B B 3 0 1 tLT^ft«©IS 
d&ffl^-Cfc <9 , 3 0 1 £DMI <9 (ClSA^A 

t, Ga N&i^t <4o-C^5. 03(r*J^T, 7n 
^ltt©J:EXt5J£EiS (0 0 0 1) Bi^ot^S. 
[0 12 4] H2©tH«B-Cli. a^AiC^EWlC^ 

JSd***»$il5 C i t ft "9 , f^Ktt&Ayfc'&JRG a 
A^*«Ucttffl*n5. Z<D&^ 4>?^tftGaNg 
b b b Sr<** $ 44 4 Z t *s m t ft 5 „ 
[0 12 5] Sfc, ffi^H B B SrS(cg a B a ^fiT'^4Cir^ 
?), ilSfi*ttosjflit§sicft5 0 ^ftigfi^fi: 

OM» t ft o 5 G a N&g ^SISbI t LTffl V ^5 i 
tK49, fefi*fi©ffl9B$]ftiaSprtgtft5. ^©I£ 
SHWi^GaNSffi<bLT|gB a B^^7 4'^1-5^ 

[0 12 6] $fc, Cc754 5^tT^P 3 ti4GaN|£B 3 B 

(4, ^PfeSS^h^^SKft^BltftoTPSo 

[0 1 2 7] tfc, C©^JT1±, ^tt^(Oa^a B B *ffl 
V^T^5#, ^©4 9ft«^B%?raj£B B B t LTffl^ 

(c|g s B B^-I$4i:l)Ci fc^T'fcSo fitt© 
*f ftGa NfeftSrH*1-*rt*«-et5 0 
[0 12 8] ftiC, El2©^CW|gB B B l5!t^ft^ffl^ 
TGaNlSB B B^B)c*$4i:5^-a-(Co^TtftB^t5„ 

[0129] A^Wfc, 0 1 IS 
aWfiMHt, 2^^^J±^Sr3MPa, 
&8 0 0°C (1/T=9. 32E-4 K"' )(CLt 
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G a Nfgdl 04 (a) SfcliBU 
( b) Ic^ti 9 fctttt&fi 4 0 1 tfcfc 

(l^^^E^/ ; 3MP a , HttSfl ; 8 0 Ot:) left 
S&MU 0 3^04 (a) SfcfiE! 

4 (b) ©ff2fg0GaN&ii4Ol#/fcfttSo 

[0 13 0] lit', 04 (a) ©ipl^MLfcGa 
N& B B a4 0 1 \$isfa&ft<Db<D-eh<9 y Sfc, El 4 

(b) ©«fc?K$£LfcGaN£i§4 0 1l±7vfc1i©± 
1}KXfi®tfmte<>tz£ot£M#.<Dk<OX'1bZ e 04 10 

(a) , 04 (b) ©«,*Tft©GaNigi&4 0 1 t>±E 
SyEI^Cffi (000 1) it4oT*59, C*fcfc|6j 

[ 0 1 3 1 ] 0 2 ©«*C-Ctt, Jbiga5i o KWffegk 

•Ck>5. lot, C©ttttlSfiS:5clCGaN3Sfi*f^I! 

[0132] ttz, z<nm®cxtt, fflk&tfit£<b 
t>, e«««4K±9tt«tt*#i«fti-5wia»&, b?i 20 

it&m&zmi-z z t #-et So 

[0 13 3] fcfc, 02©WD©SMM(t§fflV^ 
•CGaNiBfiSrjdcft*-li:5*&tco^tlttWt«. ^© 

[0 13 4] H10tNBrtft3sB*JSi>\ IS 

**fi*fti:LX, S*^E**5MPa, RASA ' 
&7 5 OX (l/T=9. 7 7 E-4 K~' ) tCLT 
G a N»fiSr*ft$-frt«^, B5K*1-J:5ft«lfcB 
& 5 0 1 tfjdcftta. tfcfcfc, 0 1 ©& B B B ]&SgaK 30 
fct^-t, iEroteflfiSftlfefl: (mXz&Jj ; 5 MP 
a . jftttffi£ ; 7 5 or) fcft#+5 1 i T\ S^ffiffi 

1 0 3f, rv, mm%mz, 05©jgf§©GaN& l i 

5 0 1 

[0 13 5] /j£*,\ El2©MliiED©M I r B ^ft^frSrfflV^ 
T*fi$tfcGaNei50 1tUli. 0 5IC*1-Jt; 

54AH«tt©fcoa^tct), #M^R©^*- B B B ©}£:R 
*£ B B B U#ib;tlSo i^ftifcCB (oooi) S^iSjJcf* 

[0 13 6] c©1B«DTi±, £Rttit#3EttfcttA 40 

fife^tS :ii»b, GaNSSt LTffl^fiV\ C©ffi 

:KIS B B B £^©2£Ga Nffigi LTffl^Sci: b^mx 
fcS 0 *>5VMi» *ffi©Dfli!M«*>S*&-Ct>, HffiWS 
tS©^T\ GaNSSiLTftffltSwtiiS-etS. 

[0 13 7] IfC. C©gWD-COlS*J**-Ctt, «tt 

[0138] Sfc, C©®«DT"li, Sigi&^/j: < £ 50 
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i£© B T-ffl ^ 5 t L T , D ?tt Aj&ft 

L & (ififfl 1 5 C t tfi X * S 0 
[0 13 9] c©«tp{^ *«W©niSESft«jfefij$ 

[o l 4 o] Sfc, 0 1 1 fiWJ©& B B B £jMB©flll 
©^J§r*tEIT*S)5„ Hi 1 ©ij£ BB fiStftgEli, Hi© 
SAWfcBSHfcfc^-C, EA-fevt- 1 1 1 tE^PS 
# 1 0 5 t©rflic, E;W«S« 1 3 omttbti. £ 
tc. iag-tr^D— 1 1 2 tJD^KE l 0 6 £©rau:i&j£ 
HSPflMftl 3 l#Rlt&;|vOV5. 

[01411011 ©& B B B /5jcfigBT'l2, E^PS# 1 
0 5 SrE^IWW** 1 3 0£rfrL'tfffl'#U Sfc. AS 
SB 1 0 6 SrfflftMWWff 13 1 S:^ fCfWWtS Z t 
X\ 1 H^lft#3^ B B B ©^*^fr©^^!E^ HZ g 
»WfcfT5-fc^l6tft*. C©g££, 1 £©&&/& 
ftggT\ F^a©)gl©ni^lfk^ a B B ^)i)c5$-&5 

tt«^ H B B ^ft^ft, ««^.f B fi)cfi:^f4:©Ef ©^ 

[0 14 2] 01 2&5I/M101 3fi01 1©^^ 
«B©^*0HSr*t0-e*>5. 012, 01 3©^|T' 
l±, 0 1 1 OS*WSi 13 0, iflftffiWitt 1 3 1 
©^igSrWtS^-y^u^vfcV-^ l 4 0^Kttb 
ixX^S. tifc*», Bft±>-f- \ l l, ffiJS-fryf- 
-1 1 2^f3©^fflSl±/^-y-f;U3>fa.-^ l 4 
OKA^tU ^-yt^a^ea-? 1 4 OJCio 
T, E^-t>^-l 1 1, iaft-tyf— 1 1 2 7>»b©& 
Mf^{cS^^T. $mi 0 lrt©E^, fiS^^o 

e^, mtte%£?\zj£timmi os, w^gi 

0 6 SrMfttS <t 5 (ctM^tiT^So 
[0 14 3] CCf, 012OW-CI1. A'-yt^n^ 
fa.-^ 1 4 OJCtt, UT, CftttMHRfltl 

4 1 t, tt^|£ B B B a^l 4 2 t^Jte>JxT*it), £ 

fi^ft (E^, iSgr-^) S^ B B B *fi!cfi:$*S 
fc*©fi!cft^ft (E^J, Slfr-^) t^lEtg^tiT^ 

So 

[0 14 4] 01 2©0ijTii, ^U-^^W^ H B B ii 
JR8S14 l£SftStf?tSi. ayfa-^l 4 014, 

(E^3, i£gr-^) S:K*at, SSl 0 lrt©E 

D, «S B B B ^5tl{c^fi$-it5Ci:^T'tSo 
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[0 14 5] Sfc. JMU-Jtftt^fiiHRftl 4 2 
«rifflR»fe*5i, l 4 oil. EttAi 4 

JUr-^) fcK*tHU £«l0lrt©E2j, ifi««\ 

[oi4 6] Sfc Hi 3<7)8ajT'(±, /^-y-f/unyf 
1 4 oictt, ftl/tUb LT. a*©$ft#aM 
iR'TStfciHRSB 1 4 4— 1 — 1 4 4-n^ftei-LT^ 
5 0 ifc, ESS 1 4 3 Kli, «-«r©ritft*jSfeSrllSt 10 
5fc»©T-*/4<Ei§£;h/0*5. EitSH 4 

3fcli. igiRgfll 4 4- l»C*tJES*-«i-C, nS^CCGa 

gfll 4 4-2(CMlS$-ti:T, jfi«C*)5^ttffl*eD-CG 
[0147] dfl)*^ #J;tlf il^gfl 144-1 tfSK 20 

$ti5t, wn^#jetfcf*-^a J Ett«i 4 3*»e>«5 

^tti^ft. t^C?GaN*Jhft&£ft£-frfc«» IBttD 

TV*5. Sfc, fliffiiR«B5l4 4-2*«MR$ft« 

zftfc#l&Lfc7 f -*jMB1t»l 4 3A»e>R*ffl£ 
n, pJ$CifcMM±ffi!tDT*GaN|£ B 1 3 &/£ft$tffc 
ft, ^*l!S«-e*5iH*A»c*ftS:a5JEL, K 

tT$ti5«t jJC/jto-C^ 5o 

[0148] i 5 ftmi*-cfi, ^u-^WMB 30 

1 4 4-lfclfct5i, ®$CT'GaN&iPB&/&*£ 

*k S^(fBi:1S^ISR a B(OiS)^W^ a 0 B ^l(DGa N|g n a B 
****** ii*«-Ct 5„ 

[0 14 9] ifc, ^U-^*5jB1R»1 4 4-2Sril 
iRt«t. ®^Cfc5^li^DT'GaN|S a a B *fijcfi$ 

6VHifl*Dl£*fr!MMU S«G a NigfijSfi^W 40 
5o 

[0 15 0] H6li**W©IIlSiafkttig»ISrffl^-C 

JB^fcnlGaN*«6 0 1 JbK, niA I Ga N^7 
•y Kl 6 0 2 , n SG a N#-f Kl 6 0 3 , I n G a N 
MQW (#1**#F) Sttl6 0 4, plG a N# . 50 
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-fh'16 0 5, pMA ICaN?73'KS606 > pi 
GaN3^ni60 7 ^IfiftJClSfifiKft $tiT«Jl 

[0 15 1] COfe*riifi*2fei:L-Ctt, MO-VP E 
(#«£JW5fttf*) ffi^MBE 

[0 15 2] -t L"C, CWJ: 9&G a N, A 1 G a N, 
I n G a N©«S«fc !> y vHWffM£*l, S i 0, 
l&a&6 0 8tf='y#9 H6 0 7Ot:^ffl^ 

-5v?tS (Au/Ni) 6 0 9RXfnn*-ly9 
mtl (Al/Ti) 6 1 0#*M3JVO*4. 
[0153] C ©^«flc U— tf T'lS. p ffl*- * y 
tf6 0 92W { n*M--$y**S6 1 0A»e>ttfc«:SE^ 

t^ctx% u— rasu ®6<Dkmmcu— fit 

[0 154] ClWWfrU— !ff4, **W©IIl£afls 
fe&fi (GaNgS) SrSttfcLTfflp-Ci^fc*. ¥ 

aofi-^©t><7)iftoTl>5„ £fc, GaNlWn 

f, 35lO«*a« (0 7) <7)J;?(Cpiji:n«©2o 
©«ffiSraffi*»6©*a»)aa-f ii:^!85.5/i<, fin* 
Hb*BI5Ci^^ift5o HI-, fttt}MSffi&§?P,f! 
V&f&t &zktf-*mkt£9* 3-v7<D'mkmtX, 
ft = ^ h T'iS c ° B «ft r / W * * f&L-t 5 r k Hi T't 5„ 
[0 15 5] &4b\ ±ii(D^Tii, I n G a N MQW 
SrSttl 6 0 4 i Lfc^ s A 1 G a N MQW*fgt41 
6 04tL-C, «Jfcft£0g&ftfc*B5wifcprlB-C 

5 0 

[0 15 6] ±^W^JT-Ii, *«M*3tr/M^ 
t45„ 

[0 15 7] tttbh. *«W©HI*atfl:«MSftl±. 
5VMiS«t LTffl^T, SWUfiKft^b^W^f^filS: 
^IC(±, tt*Ha-C*-CWjC^iaIti1/7£o**lS»ftt 
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**LTttftlttf, *»A^Ot>«)-C*)5. 
[0158] ft*>\ iie^gilT'l^ SJSSSSI 1 0 1 ftK 

= 7#*£7cfi7v%7 h y <Ht&t3 £ Lfc 
ri\ l 0 l rtic*4< i l>l«&£tr$R (fl 

xfi, 7y*-7#x*1ttt.7'Jfc1- h y * 

[0 15 9] ft*>\ -C-eir*5*i£ttft**li. 
iBioirtT. 7/u*y^«, '>ft< t'biit&&is£ 10 

[0 16 0] EJfc£8i o irtlc>ft< t 

kmz-abm mz-if, mm**, 7v*=-7n* 

££fi7v^b7hy ?A) t^gttrvfr (W*.tf, 7;w 

fc*»ftrt*otftoE*tt, fi&#*£ft©E*-efi 

ft<. Ba&*»rtO*»tti*»^ff*JcJ:oT*£ 

[0161] 20 

im<D®m £U:fc«l0|LfcJ:5K, fit**! 1 ftHs! 

*«i 2K*©*w»cj:;titf. sjc&snrt-c, 7*# y 

lII«$fc*©*S**ritfii!'-ti:5©-C, HI^b^A 
SSi/iSiilfttfl-JMSfi) frgSlw|*5zi#-Ct 30 
54S$S4lSSr^St-fr-f{c, i£=>^hT\ Hi Aft© 

[0 1 6 2] 4fc, 1 0 0 01C&.T k&&m&tfti.< , 

iii&gfi-.ft&l 

[0 16 3] iSfi|«ft©fW»ttS:»ajC|6l±$ 
[0164] fcttfttf, 1 75!»#ia 1 2Gtt 

1 1 a* t tt« ii immtm'^B^ 
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^©& f f B &J5jcfi: 5cOT\ »£»iff frffi ^fc Mt ft 1 1 
I^l(b^lS H B B^ftt5^(O^MIfPtt^[6]±$-fr 
5Ct3i*-C#«. tftfr*>, E*iiMS:»t5ci 
T\ Uffft 1 1 IftSMMSA i> ztwmtti 

So 

[0 16 5] ffl#JS2ffitt©8Wi£j:fttf x If* 
«iE«oill«iaft*»**fi*ffiK*i^T» 

fs*tts£$. «ic©®^©^*L€n{c^D-csiMc^ft 
5 ^p a 0 1 1 1 &a< b$©& H B p *mmtxh s © 

ft 9 . mm%&Mmz%M,£'&z zwez 3 0 

[0 16 6] Sfc, »*iS3E*©«WlcJ:*Ltf, It* 
JS 2 Btt® 1 1 1 t *J ^T, *ft© 

gift© 5 *>© l o©««l±» in^ft:*j©8ii§fi!»JI2 
«£l/C, «fefiJctSft*fit5<)©-efc5©T?, ft© 

tt©S«&«i*.» *l©IH«lfc«*ttfi3r^«t3 

©lMSiB3:fS*£-frSw 3. Ifc. «£,&©& 

'#1-5Ct^pI^tft9, SffittTffl^S^lctEIL 
fc^H B B *{ii?r{£fflt 5 r t t ft 5. 
[0 16 7] *fc, Hl*ri4, »*il5|EiJ©%PJ(Cj; 
*Ltf , !S*rl 2 |E«© 1 1 Iftaftftife fi)Sft*j£»c*5V ^ 
P SrRrt?SSrt©HS!iW4a[*E* (Pa) , T£ 

msmmmmm (kj , a> bmrnktztz, 
jmt^\\\im\m<nm^m\x io 6 p= a / 

T+b-e»**i5»#fcJ:9J!a£Jix*««lctf:c-Cft 

1 1 mmtm^B -kimt szttwrnkbs. 

[0 16 8] tfc, 89*56 E*©36MJc«tntf, II* 
if 1 75 5 © v tiA^-iIlc|E«© I 

^Ti£ H B B j&ft£-ti:5©-e (tbtoh. ±K©IS B B B fi)c** 

imm&zmtzzktf-simkbz. ztz, mss, 

s 0 mic, wfe$n<D'&&iimmmz>z tx\ 
s8&<o8a>iffjL mmt 5 - i t ft 0 , t 
Lxm^mznmLtzte&ijmmtzzkmg, 

[0 16 9] »*«7E*©*WCJ:ntf, 11* 
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fc8ftrtfi*fr**-c, u i«S4fc»©tgi&fctttt8.& 
fc fflv *-C8firicft Stf<5 &K4&RIS& & $ 
*-5CtA«Brj|gfc/jJ5. t4fc*>, -bE©SftjS**# 

[0i70]*t IS*«8lE*©«ffllcJ:nK. it* io 

itiiwi**»»c*jv»-c, s«igiiS:fflp-cesritfi^j!E 
mm±, *a5©mia^*>5»s-ct. -&ew®i-3©4. 

■CIIlKaft*a«tL-Cttffl1-5wfc*«-Ct5. 4 20 
©ttffl 5. MIC, CW&iIjfcg: 

[OHilSfc, W*99E«©3BW»cJ:nii, »* 
&smb%$. lot, H-©tt*fifc*fc*S^"Cftfc$ 

io 1 7 2] og«©*wic«tntf, n 

0, ft©J:$/j:a*Sr»5CiA«-c?t5. *4fc*>, ft 

#J*ftLfi<45. BEoT, !f*ill 0 3E*©38WKJ: 
*Ui, *S!©iSfcfcJfcK$tt$ a. 
[0 17 3] ft, »*ril l E*©«Wlctixlf» II 

*ft*iiE**ftt*s^T, y&jRt lt+ h y * 

A (Na) '>4< £{>IIl8e&JS££tf^fC£ 50 
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(Ga) '>4< £ fcliff &£t?1fc 

If £ l-T?g$$f#* (N» ) fcfiHvc. IIlMfbM^L 
tlWU7i» (G a N) fc8ftl«ftStf5i:#lC, 1 
{bO?^ (GaN) <D&&f8.-&m&&*#XEfik 

if}) <>j*bi- h y ^©g&Bttoi&a^-c&jets© 

T\ ftfli G a N*fi fcSJWSfc C t «Spf 

fig£45„ t4fr*>. 3L$t1fx$:m^Z.kfob&?W 

6, NaiGa^^|-|crI^0^\ «*Sr«&-U«W 
fc#*T^£43 0 Sot, l*#*EE;fotg£» 

t, MS©eAJg«©l IlffiljktteASrSStricS: $ 

[0 17 4] 4fc, Il^ill 2ffi*©36($llc.J:;h.tf, M 
*9i iE*©iiiSl^fl:i|**Aidtfi*teK:43^-c. P 

*i*#*je* (Pa) , Tzmmmvmmm 

(K) , al, b 1, a 2, b 2 £\ al=-5. 40 
E-3, bl=4. 83, a 2 =- 5 . 5 9 E-3, b 

2 = 5. 4 7©^t-T5t#, a , /T+b, ^ 1 o 

g p^a= /T + b, -e*$n3ii*A/Sft*«=i!a«-c, 

«i»A3rfflp-Ca^^y -7 A (GaN) 

SwtJCiO, «*B B B S:7c!cLTGa NiftAS:J*ftS-fr 

L4^£i:a»e», «tt<ciai*©}H»Sr 
Sfc, «igA©*)50fj&tfl[ll»c*S!©*ttA4 
mzzt X\ jSftt«eA©8A*fitffl»1-5 c t 

[0 17 5] Sfc, H*JSl 3E*©«^t±*ltf» II 
*«1 lE«c©III^a{lit)* B 0 B )Sfi*ffi|cfc^T, P 

s:^*^e* (Pa), Tm^mmmm. 

(K) , a2, b2, a3, b 3 Sr, a2=-5. 59 
E-3, b2 = 5. 47, a3=-5. 67E-3, b 

3 = 5. 8 3<D&$kbt$b2, a 2 /T+b, $lo 
gP^aa /T + b a ^$*l5igS^fi*«:S«-C, 
ttttCSflS^y^A (GaN) IS*t:j4*$**^i:K 

t4^*>, ±aE©efijafi*fr««-ei4 4 mutt&tf*. 

*t, i©ftftjS*fttt«*-CH:, a* B a B ^ 

4 < 1 1> v i *tS«4ic J: 19 ftttSfiA^fit 5 CiTl- 
6, mi^©li*ill 2X%^&m$BbLX, *@£j£ 

#5. 
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[0 17 61 £fc, 4E*W>8Wlc<fc*il£ » 

frS*#*E/J (Pa), T«:S^B»©|ft#fi« 

(K) , a3, b3&\ a3=-5. 67E-3, b3 
= 5. 8 3<Dimtf%t%, a 3 /T+b ! Slog 

A (GaN) IS a B B^S$^?.ci{rj:t9, Aft&Stt 
*SMlS*t3::*aWte£fc5. tfcfc*>, ±f2©gi 

mx-hZ, *$vs±> *iiioiHia4<*5»^-ct>» 2?E 

[0 17 7] If;, tf#lgl 5fB«©*BJiCj:ft[f, « 
ric^tt«««:WRL-CIIIJia[ftlifiB*«rlSft**5 

x\ i ^o)6fijsfi»ii-c, gfa©^fi*#-ciiisi2 

[0 17 8] Sfc, 6|E«0«^tJ:ntf, 11 30 

S&ftoffiSo&ftKfflat 5 d t iJS-Cf S„ tot, 
ttSroJKtgeoiiiSjSfttt^lcoiiiSilftttigfiS:^ 

[0 17 9] Sfc, ttftgl 7aE*©«Mtintf, M 40 
*9 1 75SH*^ l 4©^-f*ii»-5ilcB*t©lil8sa 
fc^al^^ffiT'^M 5 tlfc 1 1 ISI^ISbI T'fc 5 
©T\ iafp«©IIlKS{k«jfefiS:*lflt-C't5. 

[0180] Sfc, »3ftJS 1 8 753eli*Jl 2 0|E*©£ 

fc^frf /<>( * o-C, Kfi«o*»#^<-f x 

zmx$z> c 

[Eli ] *l§B^(oiii^if^B B B^g*ffi-r'ffli^|£ 
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[06 ] *«W(c«5****7 f ^^o»/S«t7r#- 
0-C'2fe5 o 

[0 7] ft*ou— tW*- KSr^tia-CfeS, 

[0 8] f6«0**#i^— !f**+H-C*>5. 

[0 9] »6<Ot«3lEttW»CJ:5GaNW]RSfi©f^8l* 

[010] f[6(©iS§J|EStSlC«t5GaNJ¥gtSfiOf^ai 

[011] «0Jj©IS H 1.fi£ftg@©te©fM0i|^^t0 

"CfcS,, 
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D 



6 1 0 



[ ^ffiffilEffi) 

[ffittJB] W-tfL XS^-Zn 8 0 (2006. 2. 8) 

[ ^ iffiffiiE i ] 

[fi|lE#«!9S£ ] 91 til* 

[ ffi E *f * ffi S * ] ttttMjKoKl 

[ ffi IE CD I*) 

I » hf » * o as h i 
[ ffi # ffi 1 ] 

S J& § IS X' , 7*A!J4li:'>ii<ni I iffi&ffi&^irffiHiJ&sfi&lHffi&JBjS 
L, fcfcffiffifcatpffiffifca* 6, I I lffi&ffi£ffi*i:;ii»P>«j*3ft 

5 1 I IffiSfkffiSrffiAJ&ffiStfSI I I ffi il M ffi A fifc ft T- £> o T , JE^tfiSi: 

t- ffi ^ $ ft 5 ffi ffi k # j£ ^ 5 ffi a $ ft « -c* , i i iffiffi{t4&©ffiA£$ft£i£5;ii:& 

[1*12] 

i?S*ffi 1 I I I igfti^ B B B «ft*f£l^^t, feMfiScfi^Itt Lt« BE^iffi 

j££T-ffi££ft5ffiffi£MMtt5i:£, ffitt© ffi ffi <D i ft **ft iz jg D T S VMC J| fc 5 

&&Bm<o i i isnk«j©si^/Sfi^iT ! Sj5:^^att5 i i i ffi g m ffi a 

[ 19 * £ 3 ] 

mxm 2 m®<D i i i & 2 ^ & ffi a a ft # * ic & v x r , aicuso^toioci^ 

14 . I I I ffi S ft #5 <D ffi A J* ft S ffi t L T , «S*lcJS*iafti-5tO-e*5^i:S:»» 
itil I I ffiffifcffiffi£j*£*&. 
[ffi#ffi 4 ] 

ffi # ffi 2 12 i$ © I I iffiffiflsftffiAjSffi^ifelcfc^T, PSrKfcfcffirtoffi&Wfcffiffi 
E^7 (Pa) , T«rft^KKOffi#ai£ (K) . a, b^«f it5t^ )SIt5 1 I 
I ffi S 4to » ffi A M ffi 14 , 1 o g P = a / t + b -C* ffi $ ft 5 ffi ffi ic J: 9 ffi ;£ £ ft 5 ffi ffi lc 

KtTftSJhictiftitts i i i mmitrnte 

I ffi * ffi 5 ] 

ffi # ffi 4 E © I I I ffi g fb tl ffi A ft # i£ *J T , 1 ogP=a/T+b-C'ffi$ft 
■5 ffi ffi II , 7 * iJ >J & ffi (O I I IffiffiRi©Jtlc«fcoTWffi^ffi-Cfc5::i:fcffi»i:-*-5 

i i i ffiffifbffiffi Affift^ffi. 

[ffi#ffi 6 ] 

ffi* ffi 1 7iS!l!#ffi 5 (D^-f ft /j> - ffi (C IE « © I I I ffiafcffiffiAffiffi^&lCjSlr'-C , 
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m *S A Sr ffl ^ T jo A fiH ft "I n6 4 *S A ^Sc ft $ W= B « "C , I I I ft 2 ft 1^ © IS A £ fit 13 & /H 
t'T8*«fiit5:it:l»iit5i I I ft2ffc^& Aj&fty? ft. 

I 5ff 3k « 7 1 

is Jk « 1 7i £ is Jk ii 5 © ^ -f n a> - js ic eibi i i ssikti & £ j& ft * & *s v * -c, 

ttttfefiftfflfCefirtft^HiJScefilSfiifcfrlK-e, I I I ft2M©*SA Sr Btt&A 

£/e v^-ceftfiUft $ * 5 c k &wm t -r z i i i ft2fttnFS A/Sftyyft. 
i iff 3k ® s i 

St 3k ii i tj m iff 3k 9 5 © ^ -r n t>> - is ic etoi i i ft 2 ft 4& *s a $ ft # ft k & <^ -c , 

«ttlSA«:fliv*T«A»*ft^1i§fcSaj*ftftfrM*?. I I I ft2M©*S A £&#*SA 
ifflv»ttSfii«fi$t5:it»iit5 i i i ft 2 * IS A $ ft * ft. 

[ iff 3k ig 9 ] 

Iff sk il l ft M Iff # rj| 8 © -T Ix *»- 5NclE« © I I I ft 2 ft & A A ft * ft ic is r . 

i i iKafl:tte*3iSiaft*-fic»*i-5*fr««, aisAricfti-s^ft^ttM, & « 
igfi^jafti-afiKftftftfH*, KttJSiftaJjaft-i-si***^**©^, 

ft. 

[ w*« i o ] 

m 3k ir 9 is «© i i i ft^m^iSAfiKft^ftictj^T , i i i ^gMisAMft-fr-f 

I Ifta^«jefi*jaft**5Cf:Sr»»i:-*-5I I I ft 2 ft «J IS A fiS ft * ft , 

I iff ;k m i i ] 

l 7b m tit 3kil 5 © i^-f n*»-9KE«o I I I iJifcfbftttAjift^ftfcis^T, 
7;^^IHTtH)n (Na) & /B V* , '>4<ttl 1 Ift&SSr^tfMiL 
X V ? J* (G a ) SrfflV^, '>i<HIi^ttfftItLtt*#^ (N2) Srffl^T 

, i i i mmitvo k Lxmitx y * a ( g a n ) £ is a /* ft £ * s £ £ ic , nt#y >yA 

(G a N) ©*Sftj*ft*f*«:S*#*l£2ji:#y nit h y nog^iSwfiSit' 
Stt5:^^att5 I I i ft2MISAi&ft77ft. 
[»** i 2 ] 

tt # 9 1 1 SB « © I I I ft 2 ft M A /# ft 7? ft IC :|3 ^ T , P£gi!f#*l±77 (Pa) , 
T?rfi-g-a®©iffi*naa(K), a l , bl, a2, b 2 £ , al=-5. 40 X 1 0 " 
f_. bl=4. 83, a 2 = - 5 . 59 X 1 0 ~ 3 , b 2 = 5. 4 7 ©iit f 5 i 
a 1/T+blS! og Pga 2/T+b 2 t'8 ^liSfaliiiS^ltliS t', S IS A £ 
Il>Tl(k#Hn ( G a N ) SrlBAjSftStf5Ci:«:1$»£-*-SI I I ft 2 ft ^3 IS A A 
ft* ft. 

[ iff 3k m i 3 ] 

iff sk « i i te m © i i i ft 2 <b ^ is A a ft * ft k *s v » t , p z&mx xi±ti (Pa) . 

T<8rg&&|»fi£©*6*MaJt(K), a2. b2, a 3 , b 3J, a2=-5. 59 X 1 0 " 
f_. b 2 = 5 . 47, a3=-5. 67 X 1 0 " 3 , b3 = 5. 8 30ittt5iJ, 
a 2/T + b 2 ^ 1 o g P^a 3/T+b 3T-*$tl5$gA^ft^W=®^-C*, & # © 2 
M y * A ( G a N ) gfiSr)«ftit5wi:Sr»»it5 I I I ft 2 {t 4*5 IS A jft ft * ft . 
[ Iff 5k « 1 4 ] 

iff 5k IR 1 1 IE ft © I I I ft 2 fb m IS A j& ft * ft ic *$ ^ X , P £ 2 * # * EE 77 (Pa) , 
T5rM"o-Sl^©ite*t?ajt ( K ) , a 3 , b3t a3 = -5. 67 X 1 0 ~ 3 , b 3 = 5 
. 8 30flSSit5i*, a3/T+b3^1og PT'iSSftSISAjifcft&ftilii&T-, 
M#©2ft#y'7.£> (GaN) g|«:)JfiS«5:l:S;#f it5 I I I ft 2 M © IS A 
$c ft * ft, 

[ iff 3k 71 1 5 ] 

«e*j*ft-*-5j*ftftfl=tn*, tt«te**j«ft-f5*ft*«=**. «*»ftdSiafii-5 

<aft*frffl«©rt© l o © j& ft & PHI & if U-C I I I ft2{bt>ISA £j£ft £-£5 7t© 
©ffi^fflWWWftVaSIM^WtltS:^ Ltl>5 C k Zft® k 1" 5 I I I HeSfctt £ A & ft 
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IS IB. 

[ It * « 1 6 ] 

I I itSSfl:*|gft4Sjafi*i'lc»j)fl-a*fl:!B*, fit IS fa fig 5 5 fife ft ft ft ffi % , tt 
# g ft # fife ft 1- 5 fife ft ft ft rS $ . ffi itS ft # fife ft -f 5 A ft ft ft r@ 4£ <D rt . SSO*frI« 

ti'5:i*1»li:t5l I I K 8 ft ft & Art ft SB. 
[ St # *H 1 7 1 

Iff ;f? Jf 1 75 §fj jR iR 1 4 to i* H *»- iSC |c 12 it © ! I I ft W. it ft IS A fife ft # "C H! $ 
iit:ii«»it5i I i ft £ fk #3 IS A , 
[ W # JSi l 8 ] 

BfjfcSl 7fito I I I iJiS{fc«jiBfifcfflv*fcc i-S^Wftf^-r *. 

[ 19 * « 1 9 ] 

It # ^ 1 8 E it CO * W ft r / W * ic fc; i, > T , K^SJlfc^'W^tt, *f^Ot'*5: 
[ It JR # 2 0 ] 

l»*«2 1 ] 

*Sft frgiS-rs I I 1 ftgfcftlSftcoMif ;frfeT-feo 

%»g>tefij«ftfli«<p o *><o^<g <ni Q<oiBftfiKft««»c^^n5i^ft^gftft 

BtlKttfclfcilgftJ&ftftttfr-glfrHiBft-j-Sjg 2 CIS £ frflt*., 

ml E IS ft fife ft ft ft tt , Bft8aiB^iB^»^gll^<Og^j:ffliaiB'S'IH!jg<Pfflgj:)i>e><g5 

, i i i mmitvo® ftotiii&aa. 

2 2 ] 

mi e b i oistt, a is 6 a> €> & 5 i i i ft g ^ ft is ft £ is ft fife ft £ -a- 5 is ft j$ ft ft 
fruits, ffl^g 2 i \z&to<D i i iBgafeftfeftpatis^ife. 
i m * 9 2 3 j 

fjjj E g 1 co 1 6 [g , S«8l»&ft5l I I ft S ft IS ft £ IS ft fife ft 3 ^ 5 IS ft fife ft ft 

ftfrgg^-fs, jgjRg 2 i ebb ft o i i i ftg^ftisft (P^ig^fe. 

[«*|24] 

hu e g i <p x s i * . a g a g) » ic m K i i i ft a it m is a # g a fife ft ± 5 is a g ft ft ft 
^^tts, »3fe3gi2 1 icge«g> 1 1 1 ft ^fc ft is ft v^m^m* 

I » JR 9 2 5 ] 

ffi IB « g ft I a , wi IB 1 g <Q g ft fife ft g « <Q 2 ^ g> 1 o ^ IS ft fife ft fig igUC ^ £ ft 3 IS ft pfe 

ft ft ft ffl t t is ft fife ft $ ti fc i i i ft a ft; ft is ft a> e> % 5 , it * m 2 4 ice it <d 1 1 1 

ftafcftlSftco^igjr fe« 

[ it * m 2 6 ] 

ml E 1 o <H i 5 g i ffl S < c ^ g ft 5 g ft fife ft ft ft i j . a ft IS ft ± IS ft fig ft $ -fr 5 IS ft fife 

ftftft-cfes, w»g 2 5 tcia & <p 1 1 1 ftafbftisft paig^a. 
I » * « 2 7 1 

mi IB 1 o g A fi» & i jj * c ^ I ft 5 IS ft fife ft ft ft tt . g g ft g ft fife ft $ g 5 IS ft fife 

ftftft-c-fe^, it 2 5 ice it co i i \ mmitmte&vmmjjfe* 
1 rt t m 2 8 j 

« S ft ft 5 I I I « g i t m IS ft & IS ft fife ft $ -fr 5 » 1 <D IS ft fife ft ft ft R 7g -t 5 
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« ^ a <b ft 5 I I I AS j ffc jfc g ft £ ft $ ft £ -£ 6 IS 3 co ft Bfe ft ft £ K 7g 1~ 5 

tii IE j 2 (0 x 1 a , 

Hfi ie is i <o & ft j I ft a & (g B ± § g 4 <° i Z! - T 1 1 1 

tii IE ffi 2 CD ft Pjc ft ft ft £ » w -t- 5 g 5 <o » y i § t , 

ml gE , % 3 (0 ft fig ft ft & (% ft 1- § g 6 CO if ^ X 1 £ £ £ * ; 

ffitz® 4 (Dj-^xmn. m mm i co -9- y x a co ft ic % n g ix , 

mtel2Wf yiSB, ijfigS%4coi?-:/xacoft(cg)|ff$.ft, 

mm® s ^mt, tii e % 2 co y x a co ft ic n g ^ , 

tiilE%3cof-;/xatt, tiigSJS5cD-fryxacoft|cjl|fr$n, 

tii c g 6 co f - y x a i * » m ae % 3 co y x a <?> j tc n n g jt § , tft # qi 2 1 ic is -$£ co i 
i i a? j ft ia ft <p k it # . 

[ 3ft * II 2 9 ] 

gfj |g g i co x a ( * > 

aftSfl^bfta i l I « g jfc ft g ft & g ft fife ft g •& 5 fg l co g ft $ ft ft # & aS: % ± 5 

a # e ft e> ft 5 i i i «i a ft m ft £ & ft $ ft g g 5 m 3 co g ft $ & ft & m g j 5 
ig3cof-^xa^^^.^, 

tiilSig2coxate, 

fflE»l<Ofeftfi»l^ftfffr»tift"5»4g)-9-^X6fc t 
lfflBlg2<Pteftjaftfett$:»»-|-5»5<Pfr7 > X6j: < 



Hi) sc ^ ^ as px vc s*i it 

Bfiism4cof-^xai± > 


- ■a: vr« f r 'j^sov^y ✓ _i_ re 

tii IE $ 1 co f- rf I a co ft ic 


C V£ Cil ^ > 


ti) IE Ji? 2 cOif^XSli . 


tiilE^cof-T'xacofti;: 


31 fr £ *t> 


tine©5coi>-^xSfi, 


til IE 2 co -9- y x a co ft Id 


*fT $ *L, 


fllfeJS3<01H7xatt:, 


tii IE $ 5 CO f- 7 X ® CO ft IC 


Hff £ ft. 



tiilEm6co»yxati:> tiJgg%3cof-:/xacDftlcg|fTgft5, lit # ?g 2 1 lc IS fc co I 
3 0 ] 

b^r^mjr Ltzb Z , tiiE%jcco^ft^ftM^cQ9»»co|g!|%i-^2oco$Sft^ft^i|gcojt 
jjt tt > I ogP = a/T+bl:J:ot8jli5, B;Kg2 U»e>M*^2 9Qi'f 
iH Id IE Ht co 1 1 1 ^-^feft^ft otflit^jfe. 
[ Ift * « 3 1 ] 

W*%2ia»frW*ig3om^-f;h>*>i ] Kiwgeit<Pi 1 1 m g fb ft g ft co it ^ tc J: 
2 -c $a it g n fc i 1 iiiig{kftafts:ffiv^-cf^tgj?nfc^iifr^^w^. 

[ » * « 3 2 ] 

^^^^r^M^J^ jl£ f /< j ^ T' fo 5 , fft * g 3 1 jC IE it cQ # g f /< ^ ^ 2 
IS*«33] 

i^^^_^_g^w_^_ji_, m ^ f / w ^ t fe 5 , it x m 3 1 IC gE g co ¥ a? g r' /< ± * o 
1 g §1 , 

til IE 5 g g » jfe I 1 I^gfbftfeft^feftfiKfi^IfiSftfflgKftliail-SilijBjtSttj:, 
tiiEAnaStttj:, ^HiwEl I I &gfcftgft&ISftfifeg$fctt#«3-fr5%ftfifcg 
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g i fife n °r fig & j j c m m w. ts i » i*i & m a i . 

lt&3eE:ftWBE»Wtt. iffl8E'J>ft< £ t> l o <P fa fife ft g Jgg \z $ j ft -5 g ft fife g g m ft ffi 
nu IB g la fife ft ifrtt, BagE5fg^»rt(0g^i:ffiflaS{Sg»^<0?ftgj:^P)ft5. 1 I 

i m * ^ 3 5 1 

ifflieflPaftgBti:, ttttlSft frfrft 5 1 I I ^M^fe^Hl.&'fe fc H a H ^ft^HgftiaglCFiuiB5 

nu te e ft w S » w tt , ffl8Eftt»titsa^e>ft5[ i i ft j f k » as ft sr g a fife ft gg ft g ft 

lciffllEgtt;g»rt<Pg;ft ^if t5 , 6»*qt 3 4 icfBifco I I I ft M it % ft fife ft 36 fltt . 
[ IS * « 3 6 ] 

gu jjSjg ft 36 fa 13 , j ft g ft b ft § I I 1_MMMMM3AMA^l&3JL^MMJ£mME 

ffltagftwg««tt, mE««fea»b^5i i i ft^ftt^ft £&ftfifeft*ifiEftEft 

(cBulBRfc^rt^Eft > W^g3 4i:E«oi I I ft a Jfc =fe> ft fife ft 35 Bo 

i m * ii 3 7 ] 

no ae flp as » g <i , a g j g » m $g a fife ft -t 5 1 1 i_mmjtMMA±MA^LMILM^3M 

ic mi IS g j£ g §§ ft jfc jgjjg l , 
jffiBBEE>fjW«EtiHitt, lffiffi«fefl<PfrfciSftj&g1-5 I I I ftgftjfe^a £&iftfifeft 

feftjEftKflitBBgjsssi^gffiftarwgi-a, flt»^3 4icaa<ftg>i i i ft a ^ ft fife 
ft 36 1, 

I m * m 3 8 ] 

an ib a as a « , «ae«»<oiBafiafiia«g)9t,g>iog>ii6ftBagflB«tc^^ft5feafft 
ftjfe#»ffl^-cisaja&$ftfci 1 iftafeftteft^frfts, 1% * qi 3 7 ic ie is <p 1 1 1 

ftafc^SSftfifeftSij-Bo 
[ W*IR 3 9 ] 

m> bb « us ft tt , a # is ft a> e> ft 5 , w*g3 8t::Ett<pi i iftafc^fctftfifeftgg,, 

[ B * « 4 0 ] 

gu gg a $s a 1 1 , g ^ e a ^ e> ft s > »*g38(cgatt<pi 1 1 ft g g g 1 fife ft m m . 

[«*«4ll 

milBg)fcgg§t*)<PEft£P.»:L., migBglfcg8§F*)<s>ite*nag£Tj:L, a <fc b £ £ 
& £ Ifc <b £ , Bltaatt»<0feftBfcft««<P^^(Ql»gi-52o<0iaft^fi«J<<P»^tt, 
I o g P = a/ T+ biqot*jlV5, % 3 4 ^ lb ffl # Ij 4 0 (O l> 1* ft fl> 1 IjUC IB 

toi i i ftgflsftteftfi»ft%g, 
[ r# * * 4 2 ] 

fflEisft^ft^ffiftg.ftfcfflagfeft^ft^T<iftfflgj:tc < to-cjaggft5fiEft-agffl 

M 13 £ IB tg -f 5 IB tg SB £ , 

I 1 1 ftafbti&ft frfeftfifeft ^TffeftEft js J: tttagfcftfc-j-s =■ >- t° 5 - 9 t fc fit x 5 
1 I I ft a fc^ IS ft fife ft £g, 
[ » * * 4 3 ] 

mmsjj_z3MMMMJ^ fr-»^ffliBi i i fta^meft ^feft fifeft j it ajtS g t § 

^ftfifeft^ffoffljgg^^l-liiccolgft^ftfflj^ic^flgft-cv^, lf^iK4 2ic|Bicco I 
1 iftgfbti^ftfifeft^fl. 

[ m * ii 4 4 1 
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hu BE W % co *S ft rit ft nil f i » 

■a ft % i i i & a it v» m ft teai«ft^5 m ft & ft & ft <on m % ^ -t % i 

co g ft rit ft j jg t . 

& ft & ft fr-fr 5 I I L^IULM i f *S i fiKfi$-ti:5Sa^-fi^W=<offi«»^1-|g2 

i co us f. $ &mtijk> 

afea<o»tcfltne i i i ^^(b^.Tg.f B ^igf B ^fti-6^ B B H^ft^^co@^^^i-B 3 co 

IS ft J# ft f% t . 

nufg I I I ftgffcttfeft Sr#«-t-3tefljagfe#<P«Jgar^1-» 4 <P g & rit ft IB « j; £ 
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